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(54) Method for two-sided fabrication of a memory array 



(57) A method for fabricating a memory array 
includes fabricating a first portion (110, 310, 510) of 
a memory array on a first side (14, 214, 414) of a 
substrate (12, 212, 412). A second portion (150, 350, 
550) of the memory array is fabricated on a second, 
opposite side (16, 216, 416) of the substrate (12, 212, 
412). The first portion (110, 310, 510) and the second 
portion (150, 350, 550) of the memory array are 
coupled to each other through the substrate (12, 212, 
412). 



130 M 2 



130 142 



U0 M t 2 l?6t}0 H? 126 
x ! 125 ) \ 'J40 

^V-130 
r 126 
120 




110 



FIC. 1R 



< 

OO 

o 

CO 

o> 
o> 

o 

Q. 
LU 



BEST MAILABLE COPY 

EP 0993037 T 



Description 



EP 0 993 037 A2 



10 



TECHNICAL FIELD OF THE INVENTION 

[0001] This invention relates generally to electronic devices, and more particularly to a method for two-sided 
fabrication of a memory array. 

BACKGROUND OF THE INVENTION 

[0002] Modern electronic equipment such as televisions, telephones, radios and computers are generally 
constructed of solid state devices. Solid state devices are preferred in electronic equipment because they are 
extremely small and relatively inexpensive. Additionally, solid state devices are very reliable because they have no 
moving parts, but are based on the movement of charge carriers. 

[0003] Solid state devices may be transistors, capacitors, resistors, and other semiconductor devices. 
Typically, such devices are fabricated on a substrate and interconnected to form memory arrays, logic structures, 
15 timers, and other integrated circuits. One type of memory array is a dynamic random access memory (DRAM) in 
which memory cells retain information only temporarily and are refreshed at periodic intervals. Despite this 
limitation, DRAMs are widely used because they provide low cost per bit of memory, high device density, and 
feasibility of use. 

[0004] In a DRAM, each memory cell typically includes an access transistor coupled to a storage capacitor. In 
20 order to fabricate high density DRAMs, the storage capacitors must take up less planar area in the memory cells. As 
storage capacitors are scaled down in dimensions, a sufficiently high storage capacity must be maintained. Efforts 
to maintain storage capacity have concentrated on building three-dimensional capacitor structures that increase the 
capacitor surface area. The increased surface area provides for increased storage capacity. Three-dimensional 
capacitor structures include trench capacitors and stacked capacitors. 

[0005] For stacked capacitors, the storage node generally extends significantly above the surface of an 
25 underlying substrate in order to provide a large surface area and thus sufficient storage capacity. This leads to 
topological problems in the formation of subsequent layers in the DRAM. Such topological problems are reduced by 
the use of crown-type stacked capacitors that increase surface area of the storage node while minimizing height. 
Crown-type capacitors, however, have a high process complexity which leads to high fabrication cost and low yield. 



30 



SUMMARY OF THE INVENTION 



[0006] In accordance with the present invention, a method for two-sided fabrication of a memory array or other 
integrated circuit is provided that substantially eliminates or reduces disadvantages and problems associated with 
previously developed systems and methods. In particular, the present invention provides a method for fabricating a 
portion of the integrated circuit on a backside of the underlying substrate that improves circuit topology and 
35 thereby reduces device overlap, processing complexity, and fabrication costs. 

[0007] In one embodiment of the present invention, a method for fabricating a memory array includes 
fabricating a first portion of a memory array on a first side of a substrate. A second portion of the memory array 
is fabricated on a second, opposite side of the substrate. The first and second portions of the memory array are 
coupled to each other through the substrate. 

40 [0008] More specifically, in accordance with one embodiment of the present invention, the first portion of the 
memory array includes first and second terminals defining an access channel for each memory cell of the array and 
a storage node connected to the first terminal for the memory cell. In this embodiment, the access channel may be 
formed in a discrete post or in an elongated projection. The first and second terminals may be formed in or adjacent 
to the discrete post or the elongated projection. The second portion of the memory array includes a gate structure 
for each memory cell. The gate structure is operable to control the access channel to allow access to the storage 
node from the second terminal. 

[0009] Technical advantages of the present invention include providing an improved method for fabricating a 
memory array. In particular, a portion of the memory array is fabricated on a backside of the underlying substrate. 
As a result, topology of the memory array is improved, which reduces process complexity and cost while increasing 
yield. 

50 [0010] Another technical advantage of the present invention includes providing an improved method for 
fabricating a memory cell. In particular, a storage node for the memory cell is fabricated on an opposite side of a 
substrate from word lines, bit lines, or other components of the memory cell. This allows the use of storage node 
materials that would otherwise conflict with the other components of the memory array and also allows the height of 
the storage nodes to be increased without causing topological problems in the memory array. Accordingly, the 

55 storage node capacitance is increased without increasing fabrication costs. In addition, taller and less complex 
storage node configurations may be used that reduce cost and increase yield. 

[0011] Still another technical advantage of the present invention includes providing a very high density gate 
device for memory arrays and other integrated circuits. In particular, the gate device has a raised channel wfth 
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individual source and drain terminals. The channels may be continuous or may be separated into discrete posts. In 
either case, the use of individual source and drain terminals allows the gate device to be scaled down to minimal 
isolation between devices. 

[0012] Other technical advantages of the present invention will be readily apparent to one skilled in the art 
from the following figures, description, and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] For a more complete understanding of the present invention and its advantages, reference is now made 
to the following description taken in conjunction with the accompanying drawings, in which: 

FIGURES 1 A-S are a series of schematic cross-sectional diagrams illustrating fabrication of a memory array in 
accordance with one embodiment of the present invention; 



FIGURES 2A-E are a series of top-plan and perspective diagrams illustrating the memory array of FIGURE 1 at 
15 different stages of the fabrication process; 

FIGURES 3A-S are a series of schematic cross-sectional diagrams illustrating fabrication of a memory array in 
accordance with another embodiment of the present invention; 

FIGURES 4A-D are a series of top-plan diagrams illustrating the memory array of FIGURE 3 at different stages 
20 of the fabrication process; 

FIGURES 5A-S are a series of schematic cross-sectional diagrams illustrating fabrication of a memory array in 
accordance with still another embodiment of the present invention; and 

FIGURES 6A-D are a series of top-plan diagrams illustrating the memory array of FIGURE 5 at different stages 
25 of the fabrication process. 

DETAILED DESCRIPTION OF THE INVENTION 

30 [0014] The preferred embodiments of the present invention and their advantages are best understood by 
referring to FIGURES 1-6 of the drawings, in which like numerals refer to like parts throughout the several views. 

[0015] FIGURES 1 and 2 illustrate fabrication of a memory array in accordance with one embodiment of the 
present invention. For the embodiment of FIGURES 1 and 2, the memory array is a high-density dynamic random 
access memory (DRAM) having tight pitch memory cells. Each memory cell includes a storage node, a gate device 
to control access to the storage node, and a bit line to access the storage node. The memory cells, storage nodes, 
gate devices, and method of the present invention may be used in connection with other suitable types of memory 
cells, memory arrays, and electronic circuits. 

[0016] Referring to FIGURE 1A, an initial DRAM structure 10 includes a substrate 12 having a first side 14 and 
a second, opposite side 16. The substrate 12 may be a semiconductive or insulative wafer, an epitaxial or other 
layer formed on a wafer or other underlying structure, a semiconductor on insulator (SOI) system, and the like. As 
40 described in more detail below, a first portion of the DRAM is formed on the first side 14 of the substrate 12 while 
a second portion of the DRAM is formed on the second side 16 of the substrate 12. As a result, topology of the 
DRAM is improved, which reduces process complexity and cost while increasing yield. 

[0017] A plurality of recesses 18 are formed on the first side 14 of the substrate 12. The recesses 18 are 
formed by a conventional wet etch or other suitable process. The recesses 18 are each sized for formation of the 
45 first portion of a sub-array for the DRAM. The second portion of each sub-array is fabricated on the second side 16 
of the substrate 12 opposite the first portion of the sub-array. For a 64 megabyte DRAM, the substrate 12 includes 
sixteen (16) recesses 18 each sized for formation of a four (4) megabyte sub-array. The sub-arrays may use a 
conventional layout scheme to allow bit line compare. 

[0018] Referring to FIGURE 1B, an exemplary recess 18 is illustrated to describe fabrication of the first 
portion of the sub-array. Other first portions of other sub-arrays for the DRAM are similarly fabricated in other 

50 recesses 18 using the same process steps. A photolithographic mask 20 is conventionally formed outwardly from 
the first side 14 of the substrate 12. The mask 20 is patterned to form a plurality of discrete posts 22 on the 
first side 14 of the substrate 12. The posts 22 are discrete in that each post 22 is separate and distinct from the 
other posts. As described in more detail below, the discrete posts 22 each protrude from a surrounded area 24 of 
the first side 14 of the substrate 12 and include an access channel of a gate device for a memory cell. The access 

55 channel comprises semiconductor or other suitable material that is operable to be controlled by a later formed gate 
structure to selectively couple different elements of the gate device to each other to allow access to the memory 
cell. The discrete post 22 may be formed directly from the substrate 12, from one or more intermediate layers 
disposed between the mask 20 and the substrate 12, or a combination of the substrate 12 and one or more 
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intermediate layers. 

[0019] For the embodiment of FIGURE 1B, the mask 20 is formed directly on the first side 14 of the substrate 
12. Portions of the substrate 12 exposed by the mask 20 are etched through the mask 20 to form the discrete posts 
22 from the substrate 12. In this embodiment, the substrate 12 comprises slightly doped silicon or other suitable 
5 semiconductor material. The etch is a conventional anisotropic etch, other suitable etch, or other suitable series 
of etches capable of removing a portion of the exposed substrate 12. After the etch process, the mask 20 may be 
conventionally removed from the discrete posts 22 or may remain in place to protect the top of the discrete posts 22 
from doping to form a first terminal and a second terminal for each gate device in the discrete posts 22. 

[0020] Referring to FIGURE 1C, a first terminal 30 and a second terminal 32 are formed in each discrete post 
22. As used herein, each means each of at least a subset of the identified items. An access channel 34 is defined in 

10 each discrete post 22 between the first and second terminals 30 and 32. The access channel 34 forms a path 
between the first and second terminals 30 and 32 that is operable to be controlled by a later formed gate structure 
to selectively couple the first terminal 30 to the second terminal 32 to allow access to the memory cell. Together, 
the later formed gate structure, the first and second terminals 30 and 32, and the access channel 34 form the gate 
device for the memory cell. The first and second terminals 30 and 32 are a source and a drain or other suitable 

15 types of electrodes for the gate device. For the exemplary DRAM embodiment of FIGURES 1 and 2, the gate 
devices are metal oxide semiconductor field effect transistors (MOSFET). 

[0021] FIGURE 2A is a perspective diagram illustrating the first and second terminals 30 and 32 and the 
access channel 34 in the discrete post 22. Referring to FIGURE 2A, the first terminal 30 is formed at a first edge 
36 of the discrete post 22 and the second terminal 32 is formed at a second, opposite edge 38 of the discrete post 
22. The access channel 34 is defined in the discrete post 22 between the first and second terminals 30 and 32. 

20 Accordingly, the gate device has a raised channel with individual source and drain terminals 30 and 32. The 
individual terminals 30 and 32 allow the gate devices to be scaled down to minimal isolation between devices. 
Accordingly, very high density DRAM and other memory arrays or integrated circuits may be fabricated. 
[0022] The height of the discrete post 22 is preferably minimized to reduce resistance in the first and second 
terminals 30 and 32. However, depending on planarizing techniques later used to expose the discrete post 22 on 

25 the second side 16 of the substrate 12, the height of the discrete post 22 may be increased to ensure that the 
discrete post 22 remain after penalization. 

[0023] FIGURES 2B-D are a series of top-plan views illustrating formation of the first and second terminals 30 
and 32 in the discrete posts 22 in accordance with several embodiments of the present invention. In these 
embodiments, the first and second terminals 30 and 32 are formed in the discrete posts 22 by dopant implantation. 

30 [0024] Referring to FIGURE 2B, dopants 40 are directionally implanted at an angle into the discrete posts 22 to 
form the first terminals 30 at the first edges 36 of the discrete posts 22 and the second terminals 32 at the second 
edges 38 of the discrete posts 22. In this embodiment, the mask 20 remains in place to keep the first and second 
terminals 30 and 32 separate at the top of the discrete posts 22. The dopants 40 are angled to provide full 
coverage along the height of the discrete posts 22 and directed such that each row of discrete posts 22 protects the 
access channels 34 in the next row of discrete posts 22 from dopant implantation and thus keeps the terminals 30 

35 and 32 separate along the height of the discrete posts 22. The angle and direction of the dopants 40 are varied 
based on the height, size, and spacing of the discrete posts 22 and other suitable criteria. 

[0025] Referring to FIGURE 2C, the surrounding area 24 between the discrete posts 22 on the first side 14 of 
the substrate 12 is conventionally backfilled by growing a thermal oxide on the discrete posts 22 and on the 
surrounding area 24 of the first side 14 of the substrate 12 followed by an oxide fill. A photolithographic mask 42 

40 is conventionally formed outwardly of the discrete posts 22 and the backfill layer. The mask 42 exposes the first 
and second edges 36 and 38 of the discrete posts 22 as well as the portion of the access channels 34 between the 
first and second edges 36 and 38 at the top of the discrete posts 22. Portions of the backfill layer exposed by the 
mask 42 are conventionally removed to fully expose the first and second edges 36 and 38 along the height of the 
discrete posts 22. Dopants 44 are implanted from opposite directions and at an angle into the tops, first edges 36, 
and second edges 38 of the discrete posts 22 to form the first terminals 30 at the first edges 36 of the discrete 

45 posts 22 and the second terminals 32 at the second edges 38 of the discrete posts 22. The angle of dopant implant 
is varied based on the height and spacing of the discrete posts 22 and other suitable criteria. After the doping 
process is complete, the mask 42 and remaining backfill layer are conventionally removed. The tops of the discrete 
posts 22 are conventionally planarized to remove the doped section of the access channel regions and separate the 
first and second terminals 30 and 32 in the discrete posts 22. 

50 [0026] Referring to FIGURE 2D, the surrounding area 24 between the discrete posts 22 on the first side 14 of 
the substrate 12 is conventionally backfilled and a photolithographic mask 46 is conventionally formed outwardly of 
the discrete posts 22 and the backfill layer. The mask 46 is patterned to expose only the first and second edges 36 
and 38 of the discrete posts 22. Portions of the backfill layer exposed by the mask 46 are conventionally removed to 
fully expose the first and second edges 36 and 38 along the height of the discrete posts 22. Dopants 48 are 
implanted from opposite directions and at an angle into the first and second edges 36 and 38 of the discrete posts 

55 22 to form the first terminals 30 at the first edges 36 of the discrete posts 22 and the second terminals 38 at the 
second edges of the discrete posts 22. The angle of dopant implant is varied based on the height and spacing of the 
discrete posts 22 and other suitable criteria. After the doping process is complete, the mask 46 and remaining 
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backfill layer are conventionally removed. 

[0027] Referring to FIGURE 1D, a fill layer 60 is formed outwardly from the first side 14 of the substrate 12 
in the surrounding area 24 between the discrete posts 22. The fill layer 60 comprises a dielectric material capable 
of insulating the first and second terminals 30 and 32 of each discrete post 22 from each other and from other 
5 terminals 30 and 32 of other discrete posts 22. For the exemplary DRAM embodiment of FIGURES 1 and 2, the fill 
layer 60 comprises conventionally deposited oxide. 

[0028] A bias strip layer 62 is formed outwardly from the discrete posts 22 and the fill layer 60. The bias 
strip layer 62 comprises a conductive material capable of biasing the access channels 34 in the discrete posts 22. 
For the exemplary DRAM embodiment of FIGURES 1 and 2, the bias strip layer 62 comprises a conventionally 
deposited metal. 

[0029] Referring to FIGURE 1E, a photolithographic mask 64 is conventionally formed outwardly from the bias 
strip layer 62. The mask 64 is patterned to form bias strips 66 from the bias strip layer 62. The bias strips 66 
couple the access channels 34 to a biasing system in order to reduce threshold voltage of the gate devices. 

[0030] Portions of the bias strip layer 62 exposed by the mask 64 are etched through the mask 64 to form the 
bias strips 66. The etch is a conventional anisotropic etch, other suitable etch, or other suitable series of etches 

15 capable of selectively removing the exposed material of the bias strip layer 62 from the discrete posts 22 and the 
fill layer 60. After the etched process, the mask 64 is conventionally removed from the bias strips 66. 
[0031] Referring to FIGURE 1F, an insulative layer 70 is formed outwardly from the discrete posts 22, fill 
layer 60, and bias strips 66. The insulative layer 70 comprises a dielectric material capable of insulating the bias 
strips 66 from the later formed elements of the DRAM. For the exemplary DRAM embodiment of FIGURES 1 and 2, 

20 the insulative layer 70 comprises a conventionally deposited oxide. 

[0032] Referring to FIGURE 1G, a photolithographic mask 72 is conventionally formed outwardly from the 
insulative layer 70. The mask 72 is patterned to form storage node contact holes 74 in the insulative layer 70. As 
described in more detail below, storage node contacts are formed in the contact holes 74. The storage node 
contacts each connect a first terminal 30 of a gate device with a later formed storage node for a memory ceil. 

25 [0033] Portions of the insulative layer 70 exposed by the mask 72 are etched through the mask 72 to form the 
storage node contact holes 74. The contact holes 74 expose the first terminals 30 of the discrete posts 22. The etch 
is a conventional anisotropic etch, other suitable etch, or other suitable series of etches capable of selectively 
removing the exposed material of the insulative layer 70 from the first terminals 30. After the etch process, the 
mask 72 is conventionally removed from the insulative layer 70. 

[0034] Referring to FIGURE 1H, a contact layer 80 is formed outwardly from the insulative layer 70 and in the 
30 contact holes 74. The contact layer 80 comprises a conductive material capable of connecting the first terminal 30 
of each gate device with a later formed storage node. For the exemplary DRAM embodiment of FIGURES 1 and 2, 
the contact layer 80 comprises a conventionally deposited metal. 

[0035] Referring to FIGURE 11, a photolithographic mask 82 is conventionally formed outwardly from the 
contact layer 80. The mask 82 is patterned to form storage node contacts 84 from the contact layer 80. The storage 
35 node contacts 84 each connect to a first terminal 32 and extend through an overlying contact hole 74 to provide an 
enlarged contact area 86 for a later formed storage node. 

[0036] Portions of the contact layer 80 exposed by the mask 82 are etched through the mask 82 to form the 
storage node contacts 84. The etch is a conventional anisotropic etch, other suitable etch, or other suitable series 
of etches capable of selectively removing the exposed material of the contact layer 80 from the insulative layer 70. 
40 After the etch process, the mask 82 is conventionally removed from the contacts 84. 

[0037] Referring to FIGURE 1J, a storage node layer 90 is formed outwardly from the insulative layer 70 and 
the storage node contacts 84. As described in more detail below, the storage nodes are formed within the storage 
node layer 90. The storage node layer 90 comprises a dielectric material capable of insulating the later formed 
storage nodes from each other. The thickness of the storage node layer 90 is varied based on the desired height 
and thus capacitance of the storage nodes. For the exemplary DRAM embodiment of FIGURES 1 and 2, the 
45 storage node layer 90 comprises a conventionally deposited oxide. 

[0038] Referring to FIGURE 1K, a photolithographic mask 92 is conventionally formed outwardly from the 
storage node layer 90. The mask 92 is patterned to form storage node holes 94 in the storage node layer 90. As 
described in more detail below, storage nodes for the memory cells are formed in the storage node holes 94. These 
storage nodes each store information for a memory cell. 

50 [0039] Portions of the storage node layer 90 exposed by the mask 92 are etched through the mask 92 to form 
the storage node holes 94. The storage node holes 94 expose the storage node contacts 84. The etch is a 
conventional anisotropic etch, other suitable etch, or other suitable series of etches capable of selectively 
removing the exposed material of the storage node layer 90 from the storage node contacts 84. The storage node 
contacts 84 preferably act as an etch stop to the deep etch of the storage node layer 90. After the etch process, 

^ the mask 92 is conventionally removed from the storage node layer 90. 

[0040] Referring to FIGURE 1L, a storage node 100 is formed in a storage node hole 94 for each memory cell. 
For the exemplary DRAM embodiment of FIGURES 1 and 2, the storage node 100 is a stacked capacitor having a 
bottom electrode 102, a capacitor dielectric 104, and a top electrode 106. The bottom electrode 102 comprises a 
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doped polysilicon layer conventionally deposited in the storage node holes 94. The doped polysilicon layer is 
conventionally ruggedized to increase the surface area between the first and second electrodes 102 and 106. The 
capacitor dielectric 104 comprises a nitride and oxide dielectric layer conventionally deposited outwardly from the 
bottom electrodes 102. The top electrode 106 is a field plate. The field plate comprises doped polysilicon deposited 
to fill the remaining portion of the storage node holes 94 and between the storage nodes 100. The plate material 

5 may be terminated on an oxide plug at the periphery of the sub-array for easy access from the second side 16 of 
the substrate 12. It will be understood that the storage nodes 100 may comprise other configurations, be otherwise 
formed, or otherwise arranged. For example, the storage nodes 100 may be in several layers. 
[0041] Referring to FIGURE 1M, the first portion 110 of the sub-array, including the first and second terminals 
30 and 32, access channels 34, bias strips 66, and storage nodes 100 for each memory cell of the sub-array, is 

10 isolated by an insulative cap 112. A support structure 114 is mounted to the first side 14 of substrate 12 to 
provide support for the substrate 12. The support structure 114 also encapsulates the first portion 110 of the sub- 
array and the insulative cap 114 to protect the storage nodes 100. In one embodiment, the support structure 
114 comprises a conductor to allow connections between the sub-arrays and to act as a heat sink for the first 
portion of the DRAM. 

15 [0042] Referring to FIGURE 1N, the substrate 12 is flipped to expose the second side 16 of the substrate 12 for 
processing. Because of the additional support provided by the support structure 114, an excess portion of the 
second side 16 of substrate 12 may be removed without damaging or unacceptably weakening the substrate 12 or 
DRAM. 

[0043] Referring to FIGURE 10, the second side 16 of substrate 12 is planarized to expose the first and 
second terminals 30 and 32 and the access channels 34 in the discrete posts 22. The second side 16 of the 
20 substrate may be conventionally planarized by a chemical mechanical polish (CMP), etch back, or other suitable 
process. The planarization is carefully controlled to ensure that the excess portion is removed without removing the 
discrete posts 22. 

[0044] Referring to FIGURE 1P, a gate dielectric layer 120 is formed outwardly from the discrete posts 22 on 
the second side 16 of the substrate 12. A series of gate structures 122 are formed outwardly from the dielectric 

25 layer 120. The gate structures 122 are each operable to control an underlying access channel 34 to selectively 
couple the first terminal 30 to the second terminal 32 to allow access to a storage node 100. The gate structures 
122 may each be disposed over an access channel 34 between the first and second terminals 30 and 32 or 
otherwise suitably disposed. For example, as shown in FIGURE 2E, the gate structure 122 may be disposed over 
the first and second terminals 30 and 32 in addition to the access channel 34. In this embodiment, the isolation 
interface problems are reduced. 

30 [0045] Each gate structure 122 together with the associated access channel 34 and terminals 30 and 32 form a 
gate device for a memory cell. For the exemplary DRAM embodiment of FIGURES 1 and 2, the gate devices are 
MOSFET devices and the gate structures are conventionally formed word lines comprising a gate 124 and a 
sidewall insulator 126. 

[0046] An insulative layer 130 is formed outwardly from the gate dielectric layer 120 and the gate structures 
35 122. The insulative layer 130 comprises a dielectric material capable of insulating later formed bit line contacts. 
For the exemplary DRAM embodiment of FIGURES 1 and 2, the insulative layer 130 comprises a conventionally 
deposited oxide. 

[0047] Referring to FIGURE 1Q, a photolithographic mask 132 is conventionally formed outwardly from the 
insulative layer 130. The mask 130 is patterned to form bit line contact holes 134 in the insulative layer 130. As 
40 described in more detail below, bit line contacts are formed in the contact holes 134. The bit line contacts each 
connect a second terminal 32 of a gate device with a later formed bit line. 

[0048] Portions of the insulative layer 130 exposed by the mask 132 are etched through the mask 132 to form 
the bit line contact holes 134. The contact holes 134 expose the second terminals 32 of the discrete posts 22. The 
etch is a conventional anisotropic etch, other suitable etch, or other suitable series of etches capable of 
selectively removing the exposed material of the insulative layer 130 from the second terminals 32. After the etch 
45 process, the mask 132 is conventionally removed from the insulative layer 130. 

[0049] Referring to FIGURE 1R, a bit line layer 140 is formed outwardly from the insulative layer 130 and in 
the contact holes 134. The bit line layer 140 comprises a conductive material capable of forming bit lines. For the 
exemplary DRAM embodiment of FIGURES 1 and 2, the bit line layer 140 comprises a conventionally deposited 
metal. 

50 [0050] The bit line layer 140 is conventionally patterned and etched using a photolithographic mask to form a 
series of bit lines for the sub-array. The bit lines each include a plurality of bit line contacts 142 to couple a 
plurality of memory cells to a sensing circuit for reading accessed information. Information in the sub-array is 
accessed using the word lines to couple the bit lines to the storage nodes 100 and the bit lines to relay the stored 
information to a sensing circuit The word lines and bit lines are controlled by conventional addressing logic. 

55 [0051] For the exemplary DRAM embodiment, the discrete posts 22 each have a 0.6 micron diameter with the 
terminals 30 and 32 and the access channels 34 each having a width of 0.2 microns. The word lines each have a 
width of 0.2 microns and a spacing of 0.2 microns. The bit lines also have a width of 0.2 microns and a spacing of 
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0.2 microns. The storage nodes each have an area that is 0.4 microns by 0.2 microns. 

[0052] Referring to FIGURE 1S, the first portion 110 and the second portion 150 of the DRAM sub-arrays are 
illustrated. Peripheral circuit devices 152 may be formed between the sub-arrays using the process steps to form 
the second portion of the sub-arrays or other suitable processes. Additional contacts 154 between the first and 
5 second portion of the sub-array may also be formed using the same or other suitable fabrication steps. 

[0053] As shown by FIGURE 1S, because the storage nodes 100 are formed on the first 14, or backside, of the 
substrate 12, the height of the storage nodes 100 may be increased without causing topological problems in the 
memory array. In addition, storage node materials that would otherwise conflict with other components of the 
memory array may also be used. Accordingly, storage node capacitance is increased without increasing fabrication 
costs. In addition, taller and less complex storage node configurations may be used that reduce the cost and 
10 increase yield. 

[0054] FIGURES 3 and 4 illustrate fabrication of a memory array in accordance with another embodiment of the 
present invention. For the embodiment of FIGURES 3 and 4, the memory array is also a high-density dynamic 
random access memory (DRAM) having tight pitch memory cells. Each memory cell includes a storage node, a gate 
device to control access to the storage node, and a bit line to access the storage node. The memory cells, storage 
15 nodes, gate devices, and method of this embodiment of the present invention may also be used in connection with 
other suitable types of memory cells, memory arrays, and electronic circuits. 

[0055] Referring to FIGURE 3A, an initial DRAM structure 210 includes a substrate 212 having a first side 214 
and a second, opposite side 216. The substrate 212 may be a semiconductive or insulative wafer, an epitaxial or 
other layer formed on a wafer or other underlying structure, a semiconductor on insulator (SOI) system, and the 
2Q like. As described in more detail below, a first portion of the DRAM is formed on the first side 214 of the 
substrate 212 while a second portion of the DRAM is formed on the second side 216 of the substrate 212. As a 
result, topology of the DRAM is improved, which reduces process complexity and cost while increasing yield. 

[0056] The DRAM is formed from a plurality of sub-arrays. The first portion of the sub-arrays are fabricated on 
the first side 214 of the substrate 212. The second portion of each sub-array is fabricated on the second side 216 
of the substrate 212 opposite the first portion of the sub-array. For a 64 megabyte DRAM, the substrate 212 
25 includes sixteen (16) sub-arrays each having four (4) megabytes of memory. The sub-arrays may use a 
conventional layout scheme to allow bit line compare. 

[0057] Referring to FIGURE 3B, an exemplary portion of the substrate 212 is illustrated to describe fabrication 
of a first portion of a sub-array for the DRAM. Other first portions of other sub-arrays for the DRAM are similarly 
fabricated using the same process steps. A photolithographic mask 220 is conventionally formed outwardly from the 

30 first side 214 of the substrate 212. The mask 220 is patterned to form a plurality of discrete posts 222 on the 
first side 214 of the substrate 212. The posts 222 are discrete in that each post 222 is separate and distinct from 
the other posts. As described in more detail below, the discrete posts 222 each protrude from a surrounding area 
224 of the first side 214 of the substrate 212 and include an access channel for a gate device of a memory cell. The 
access channel comprises semiconductor or other suitable material that is operable to be controlled by a later 
formed gate structure to selectively couple different elements of the gate device to each other to allow access to 

35 the memory cell. The discrete posts 222 may be formed directly from the substrate 212, from one or more 
intermediate layers disposed between the mask 220 and the substrate 212, or a combination of the substrate 212 
and one or more intermediate layers. 

[0058] For the embodiment of FIGURE 3B, the mask 220 is formed directly on the first side 214 of the 
substrate 212. Portions of the substrate 212 exposed by the mask 220 are etched through the mask 220 to form the 
40 discrete posts 222 from the substrate 212. In this embodiment, the substrate 212 comprises slightly doped silicon or 
other suitable semiconductor material. The etch is a conventional anisotropic etch, other suitable etch, or other 
suitable series of etches capable of selectively removing a portion of the exposed substrate 212. After the etch 
process, the mask 220 is conventionally removed from the discrete posts 222. 

[0059] Referring to FIGURE 3C, a first terminal 230 and a second terminal 232 are formed adjacent to each 
discrete post 222. An access channel 234 is defined in each discrete post 222 between the first and second 
terminals 230 and 232. The access channel 234 forms a path between the first and second terminals 230 and 232 
that is operable to be controlled by a later formed gate structure to selectively couple the first terminal 230 to 
the second terminal 232 to allow access to the memory cell. Together, the later formed gate structure, the first and 
second terminals 230 and 232, and the access channel 234 form the gate device for the memory cell. The first and 
second terminals 230 and 232 are a source and a drain or other suitable types of electrodes for the gate device. For 
50 the exemplary DRAM embodiment of FIGURES 3 and 4, the gate devices are metal oxide semiconductor field effect 
transistors (MOSFET). 

[0060] FIGURE 4A is a top-plan view illustrating the first and second terminals 230 and 232 formed adjacent to 
the discrete posts 222. Referring to FIGURE 4A, the first terminal 230 is formed adjacent to a first edge 236 of 
each discrete post 222 and the second terminal 232 is formed adjacent to a second, opposite edge 238 of the 
discrete post 222. The access channel 234 is defined in the discrete posts 222 between the first and second 
terminals 230 and 232. Accordingly, the gate device has a raised channel with individual source and drain terminals 
230 and 232. The individual terminals 230 and 232 allow the gate devices to be scaled down to minimal isolation 
between devices. Accordingly, very high density DRAM and other memory devices or integrated circuits may be 
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fabricated. 

[0061] The first and second terminals 230 and 232 are formed adjacent to the discrete posts 222 by 
conventionally depositing a conductive layer in the surrounding area 224 between the discrete posts 222 on the first 
side 214 of the substrate 212. A photolithographic mask 242 is conventionally formed outwardly from the discrete 

5 posts 222 and the conductive layer. The mask 242 exposes an excess portion of the conductive layer that is 
removed to leave first terminals 230 adjacent to the first edges 236 of the discrete posts 222 and the second 
terminals 232 adjacent to the second edges 238 of the discrete posts 222. The excess portion of the conductive 
layer is removed by a conventional anisotropic etch, other suitable etch, or other suitable series of etches capable 
of selectively removing the exposed material of the conductive layer from the substrate 212. After the etch process, 
the mask 242 is conventionally removed from the discrete posts 222 and the first and second terminals 230 and 

10 232. 

[0062] The terminals 230 and 232 are preferably a metal or other highly conductive material to minimize device 
resistance. The use of metal terminals 230 and 232 allows the height of the discrete posts 222 to be increased 
without unacceptably increasing resistance in the first and second terminals 230 and 232. Accordingly, metal 
terminals 230 and 232 may be preferred in applications with high discrete posts 222, high planarization tolerances, 
15 and the like. 

[0063] Referring to FIGURE 3D, terminal insulators 244 are formed around the exposed sides of the first and 
second terminals 230 and 232. The terminal insulators 244 insulate the terminals 230 and 232 from a later formed 
bias layer. The terminal insulators 244 comprise oxide or other suitable dielectric material. 

[0064] FIGURE 4B is a top-plan view illustrating the terminal insulators 244 formed around the first and second 
terminals 230 and 232. Referring to FIGURE 4B, the terminal insulators 244 are formed by conventionally backfilling 
the surrounding area 224 between the discrete posts 222 and terminals 230 and 232 on the first side 214 of the 
substrate 212 with an insulative layer. A photolithographic mask 246 is conventionally formed outwardly from the 
discrete posts 222, the first and second terminals 230 and 232, and the backfill layer. The mask 246 exposes an 
excess portion of the backfill layer that is conventionally removed to leave the terminal insulators 244. The 
terminal insulators 244 isolate the terminals 230 and 232 from the surrounding area 224 on the first side 214 of the 
25 substrate 212 while leaving a portion of the access channels 234 exposed to the surrounding area 224 for biasing of 
the channels 234. The excess portion of the backfill layer is conventionally removed by an anisotropic etch, other 
suitable etch, or other suitable series of etches capable of selectively removing exposed portions of the backfill 
layer from the underlying substrate 212. After the etch process, the mask 246 is conventionally removed. 

[0065] FIGURE AC is a top-plan view illustrating a bias layer 248 formed in the surrounding area 224 between 
the discrete posts 222 and terminal insulators 244 on the first side 214 of the substrate 212. The bias layer 248 

JL comprises a conductive material capable of coupling the access channels 234 to a biasing system in order to reduce 
threshold voltage of the gate devices. For the exemplary DRAM embodiment of FIGURES 3 and 4, the bias layer 
248 comprises a metal conventionally deposited and planarized to the height of the discrete posts 222. Each section 
of the bias layer 248 is coupled to the biasing system. In another embodiment, the terminal insulators 244 may be 
discrete for each terminal 230 and 232. In this embodiment, the bias layer 248 is unitary and need only be 

35 connected to the biasing system at a single system. 

[0066] Referring to FIGURE 3E, an insulative layer 250 is formed outwardly from the discrete posts 222, the 
first and second terminals 230 and 232, and the terminal insulators 244. The insulative layer 250 comprises a 
dielectric material capable of insulating later formed bit line contacts. For the exemplary DRAM embodiment of 
FIGURES 3 and 4, the insulative layer comprises a conventionally deposited oxide. 

40 [0067] Referring to FIGURE 3F, a photolithographic mask 252 is conventionally formed outwardly from the 
insulative layer 250. The mask 252 is patterned to form bit line contact holes 254 in the insulative layer 250. As 
described in more detail below, bit line contacts are formed in the contact holes 254. The bit line contacts each 
connect a second terminal 232 of a gate device with a later formed bit line. 

[0068] Portions of the insulative layer 250 exposed by the mask 252 are etched through the mask 252 to form 
the bit line contact holes 254. The contact holes 254 expose the second terminals 232 adjacent the discrete posts 
222. The etch is a conventional anisotropic etch, other suitable etch, or other suitable series of etches capable of 
selectively removing the exposed material of the insulative layer 250 from the second terminals 232. After the etch 
process, the mask 252 is conventionally removed from the insulative layer 250. 

[0069] Referring to FIGURE 3G, a bit line layer 260 is formed outwardly from the insulative layer 250 and in 
the contact holes 254. The bit line layer 260 comprises a conductive material capable of forming bit lines. For the 
50 exemplary DRAM embodiment of FIGURES 3 and 4, the bit line layer 260 comprises a conventionally deposited 
metal. 

[0070] Referring to FIGURE 3H, a photolithographic mask 262 is conventionally formed outwardly from the bit 
line layer 260. The mask 262 is patterned to form a series of bit lines 264 from the bit line layer 260. As 
described in more detail below, the bit lines 264 each include a plurality of bit line contacts 266 coupled to the 
55 second terminals 232 of the gate devices. 

[0071] Portions of the bit line layer 260 exposed by the mask 262 are etched through the mask 262 to form the 
bit lines 264. The etch is a conventional anisotropic etch, other suitable etch, or other suitable series of etches 
capable of selectively removing the exposed material of the bit line layer 260 from the insulative layer 250. After 
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the etch process, the mask 262 is conventionally removed from the bit lines 264. 

[0072] FIGURE 4D is a top-plan view illustrating the bit lines 264. Referring to FIGURE 4D, the bit lines 264 
extend above and to the side of the discrete posts 222 with the bit line contacts 266 extending over and down to the 
second terminals 232 of the gate devices. Accordingly, the first terminals 230 of the gate devices may be later 
5 exposed and connected to storage nodes on the first side 214 of the substrate 212. 

[0073] The bit lines 264 couple a plurality of memory cells to a sensing circuit for reading accessed 
information. The bit lines 264 may be terminated on an oxide plug at the periphery of the sub-array for easy access 
from the second side 216 of the substrate 212. 

[0074] Referring to FIGURE 31, an insulative layer 270 is formed outwardly from the insulative layer 250 and 
1Q the bit lines 264. The insulative layer 270 comprises a dielectric material capable of insulating the bit lines 264 
from later formed elements of the DRAM. For the exemplary DRAM embodiment of FIGURES 3 and 4, the 
insulative layer 270 comprises a conventionally deposited oxide. 

[0075] Referring to FIGURE 3J, a photolithographic mask 272 is conventionally formed outwardly from the 
insulative layer 270. The mask 272 is patterned to form storage node contact holes 274 in the insulative layer 270. 
As described in more detail below, storage node contacts are formed in the contact holes 274. The storage node 
15 contacts each connect a first terminal 230 of a gate device with a later formed storage node for a memory cell. 

[0076] Portions of the insulative layer 270 exposed by the mask 272 are etched through the mask 272 to form 
the storage node contact holes 274. The contact holes 274 expose the first terminals 230 of the gate devices. The 
etch is a conventional anisotropic etch, other suitable etch, or other suitable series of etches capable of 
selectively removing the exposed material of the insulative layer 270 from the first terminals 230. After the etch 
20 process, the mask 272 is conventionally removed from the insulative layer 270. 

[0077] Referring to FIGURE 3K, a contact layer 280 is formed outwardly from the insulative layer 270 and in 
the contact holes 274. The contact layer 280 comprises a conductive material capable of connecting the first 
terminal 230 of each gate device with a later formed storage node. For the exemplary DRAM embodiment of 
FIGURES 3 and 4, the contact layer 280 comprises a conventionally deposited metal. 

25 [0078] Referring to FIGURE 3L, a photolithographic mask 282 is conventionally formed outwardly from the 
contact layer 280. The mask 282 is patterned to form storage node contacts 284 from the contact layer 280. The 
storage node contacts 284 each connect to a first terminal 230 and extend through an overlying contact hole 274 to 
provide an enlarged contact area 286 for a later formed storage node. 

[0079] Portions of the contact layer 280 exposed by the mask 282 are etched through the mask 282 to form the 
storage node contacts 284. The etch is a conventional anisotropic etch, other suitable etch, or other suitable 
30 series of etches capable of selectively removing the exposed material of the contact layer 280 from the insulative 
layer 270. After the etch process, the mask 282 is conventionally removed from the contacts 284. 

[0080] Referring to FIGURE 3M, a storage node layer 290 is formed outwardly from the insulative layer 270 
and the storage node contacts 284. As described in more detail below, the storage nodes are formed within the 
storage node layer 290. The storage node layer 290 comprises a dielectric material capable of insulating the later 
35 formed storage nodes from each other. The thickness of the storage node layer 290 is varied based on the desired 
height and thus the capacitance of the storage nodes. For the exemplary DRAM embodiment of FIGURES 3 and 4, 
the storage node layer 290 comprises conventionally deposited oxide. 

[0081] Referring to FIGURE 3N, a photolithographic mask 292 is conventionally formed outwardly from the 
storage node layer 290. The mask 292 is patterned to form storage node holes 294 in the storage node layer 290. 
40 As described in more detail below, storage nodes for the memory cells are formed in the storage node holes 294. 
The storage nodes each store information for a memory cell. 

[0082] Portions of the storage node layer 290 exposed by the mask 292 are etched through the mask 292 to 
form the storage node holes 294. The storage node holes 294 expose the storage node contacts 284. The etch is a 
conventional anisotropic etch, other suitable etch, or other suitable series of etches capable of selectively 
removing the exposed material of the storage node layer 290 from the storage node contacts 284. The storage node 
45 contacts 284 preferably act as an etch stop to the deep etch of the storage node layer 290. After the etch process, 
the mask 292 is conventionally removed from the storage node layer 290. 

[0083] Referring to FIGURE 30, a storage node 300 is formed in a storage node hole 294 for each memory 
cell. For the exemplary DRAM embodiment of FIGURES 3 and 4, the storage node 300 is a stacked capacitor 
having a bottom electrode 302, a capacitor dielectric 304, and a top electrode 306. The bottom electrode 302 

50 comprises a doped polysilicon layer conventionally deposited in the storage node holes 294. The doped polysilicon 
layer is conventionally ruggedized to increase the surface area between the first and second electrodes 302 and 
306. The capacitor dielectric 304 comprises a nitride and oxide dielectric layer conventionally deposited outwardly 
from the bottom electrodes 302. The top electrode 306 is a field plate. The field plate comprises doped polysilicon 
deposited to fill the remaining portion of the storage node holes 294 and between the storage nodes 300. The plate 
material may be terminated on an oxide plug at the periphery of the sub-array for easy access from the second side 

55 216 of the substrate 212. 

[0084] Referring to FIGURE 3P, the first portion 310 of the sub-array, including the first and second terminals 
230 and 232, access channels 234, and storage nodes 300 for each memory cell of the sub-array, is isolated by an 
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insulative layer 312. The insulative layer 312 comprises a dielectric material capable of insulating the first 
portion of the sub-array from other sub-arrays and elements of the DRAM. For the exemplary DRAM embodiment of 
FIGURES 3 and 4, the insulative layer 312 comprises a conventionally deposited oxide. 

[0085] A support structure 314 is mounted to the insulative layer 312 on the first side 214 of the substrate 
5 212 to provide support for the substrate 212. The support structure 314 encapsulates the first portion 310 of the 
sub-array to protect the bit lines 264 and the storage nodes 300. In one embodiment, the support structure 314 
comprises a conductor to allow connections between the sub-arrays and to act as a heat sink for the first portion of 
the DRAM. 

[0086] Referring to FIGURE 3Q, the substrate 212 is flipped to expose the second side 216 of the substrate 
212 for processing. Because of the additional support provided by the support structure 314, an excess portion of 
10 the second side 216 of the substrate 212 may be removed without damaging or unacceptably weakening the 
substrate 212 or DRAM. 

[0087] Referring to FIGURE 3R, the second side 216 of the substrate 212 is planarized to expose the first and 
second terminals 230 and 232 adjacent to the discrete posts 222 and the access channels 234 in the discrete posts 
222. The second side 216 of the substrate 212 may be conventionally planarized by a chemical mechanical polish 

15 (CMP), etch back, or other suitable process. The planarization is carefully controlled to ensure that the excess 
portion of the substrate 212 is removed without removing or damaging the discrete posts 222. 
[0088] Referring to FIGURE 3S, a gate dielectric layer 320 is formed outwardly from the first and second 
terminals 230 and 232 and access channels 234 on the second side 216 of the substrate 212. A series of gate 
structures 322 are formed outwardly from the dielectric layer 320. The gate structures 322 are each operable to 

20 control an underlying access channel 234 to selectively couple the first terminal 230 to the second terminal 232 to 
allow access to the storage node 300. The gate structures 322 may each be disposed over an access channel 234 
between the first and second terminals 230 and 232 or otherwise suitably disposed. For example, the gate 
structures 322 may be disposed over the first and second terminals 230 and 232 in addition to the access channel 
234. 

[0089] Each gate structure 322 together with the associated access channel 234 and first and second terminals 
25 230 and 232 form a gate device for a memory cell. For the exemplary DRAM embodiment of FIGURES 3 and 4, the 
gate devices are MOSFET devices and the gate structures are conventionally formed word lines comprising a gate 
324 and a sidewall insulator 326. The memory cells may have a design rule as previously described in connection 
with the DRAM of FIGURES 1 and 2. 

[0090] In operation, information in the memory cells is accessed using the word lines to couple the bit lines 
30 to the storage nodes and the bit lines to relay the stored information to the sensing circuit. The word lines and 
bit lines are controlled by conventional addressing logic. Additional contacts may be formed between the first and 
second portions of the sub-array and periphery circuit devices may be formed between the sub-arrays of the DRAM 
using the word line fabrication steps or other suitable processes as previously described in connection with 
FIGURES 1 and 2. 

[0091] An insulative layer 330 is formed outwardly from the gate dielectric layer 320 and the gate structures 
J 322 to complete the second portion 350 of the sub-array for the DRAM. The insulative layer 330 comprises a 
dielectric material capable of insulating and protecting the gate structures 322 from later formed elements of the 
DRAM. For the exemplary DRAM embodiment of FIGURES 3 and 4, the insulative layer 330 comprises a 
conventionally deposited oxide. Because the storage nodes 300 and the bit lines 264 are formed on the first 214, or 
backside, of the substrate 212, topology is minimized on the top side of the DRAM. In addition, the height of the 
40 storage nodes 300 may be increased without causing topological problems on the top side in the memory array. 
Storage node materials that would otherwise conflict with other components of the memory array may also be used. 
Accordingly, storage node capacitance is increased without increasing fabrication costs. In addition, taller and 
less complex storage node configurations may be used that reduce the cost and increase yield. 

[0092] FIGURES 5 and 6 illustrate fabrication of a memory array in accordance with still another embodiment 
of the present invention. For the embodiment of FIGURES 5 and 6, the memory array is also a high-density dynamic 
* J random access memory (DRAM) having tight pitch memory cells. Each memory cell includes a storage node, a gate 
device to control access to the storage node, and a bit line to access the storage node. The memory cells, storage 
nodes, gate devices, and method of this embodiment of the present invention may also be used in connection with 
other suitable types of memory cells, memory arrays, and electronic circuits. 

[0093] Referring to FIGURE 5A, an initial DRAM structure 410 includes a substrate 412 having a first side 414 
50 and a second, opposite side 416. The substrate 412 may be a semiconductive or insulative wafer, an epitaxial or 
other layer formed on a wafer or other underlying structure, a semiconductor on insulator (SOI) system, and the 
like. As described in more detail below, a first portion of the DRAM is formed on the first side 414 of the 
substrate 412 while a second portion of the DRAM is formed on the second side 416 of the substrate 412. As a 
result topology of the DRAM is improved, which reduces process complexity and cost while increasing yield. 

55 [0094] The DRAM is formed from a plurality of sub-arrays. The first portion of the sub-arrays are fabricated on 
the first side 414 of the substrate 412. The second portion of each sub-array is fabricated on the second side 416 
of the substrate 412 opposite the first portion of the sub-array. For a 64 megabyte DRAM, the substrate 412 
includes sixteen (16) sub-arrays each having four (4) megabytes of memory. The sub-arrays may use a 
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conventional layout scheme to allow bit line compare. 

[0095] Referring to FIGURE 5B, an exemplary portion of the substrate 412 is illustrated to describe fabrication 
of a first portion of a sub-array for the DRAM. Other first portions of other sub-arrays for the DRAM are similarly 
fabricated using the same process steps. A photolithographic mask 420 is conventionally formed outwardly from the 

5 first side 414 of the substrate 412. The mask 420 is patterned to form a plurality of elongated projections 422 on 
the first side 414 of the substrate 412. The projections 422 are elongated in that each projection 422 includes 
access channels for a plurality of gate devices. The elongated projections 422 each protrude from a surrounding 
area 424 of the first side 414 of the substrate 412. The access channels comprise semiconductor or other suitable 
material that is operable to be controlled by a later formed gate structure to selectively couple different elements 
of the gate device to each other to allow access to the memory cell. The elongated projections 422 may be formed 

10 directly from the substrate 412, from one or more intermediate layers disposed between the mask 420 and the 
substrate 412, or a combination of the substrate 412 and one or more intermediate layers. 

[0096] For the embodiment of FIGURE 5B, the mask 420 is formed directly on the first side 414 of the 
substrate 412. Portions of the substrate 412 exposed by the mask 420 are etched through the mask 420 to form the 
elongated projections 422 from the substrate 412. In this embodiment, the substrate 412 comprises slightly doped 
j 5 silicon or other suitable semiconductor material. The etch is a conventional anisotropic etch, other suitable etch, 
or other suitable series of etches capable of selectively removing a portion of the exposed substrate 412. After the 
etch process, the mask 420 is conventionally removed from the elongated projections 422. 

[0097] Referring to FIGURE 5C, a set of first terminals 430 and a set of second terminals 432 are formed 
adjacent to each elongated projection 422. A plurality of access channels 434 are each defined in the elongated 
projections 422 between the first and second terminals 430 and 432 which are offset between neighboring 

20 projections 422. The access channels 434 each form a path between the first and second terminals 430 and 432 
that is operable to be controlled by a later formed gate structure to selectively couple the first terminal 430 to 
the second terminal 432 to allow access to the memory cell. Together, the later formed gate structure, the first and 
second terminals 430 and 432, and the access channel 434 form the gate device for the memory cell. The first and 
second terminals 430 and 432 are a source and a drain or other suitable types of electrodes for the gate device. For 

2 5 the exemplary DRAM embodiment of FIGURES 5 and 6, the gate devices are metal oxide semiconductor field effect 
transistors (MOSFET). 

[0098] FIGURE 6A is a top-plan view illustrating the first and second terminals 430 and 432 formed adjacent to 
the elongated projections 422. Referring to FIGURE 6A, the first terminals 430 are each formed adjacent to a first 
edge 436 of the elongated projections 422 and the second terminals 432 are each formed adjacent to a second, 
opposite edge 438 of the elongated projections 422. The access channels 434 are each defined in the elongated 
30 projections 422 between the first and second terminals 430 and 432. Accordingly, the gate device has a raised 
channel with individual source and drain terminals 430 and 432. The individual terminals 430 and 432 allow the gate 
devices to be scaled down to minimal isolation between devices. Accordingly, very high density DRAM and other 
memory devices or integrated circuits may be fabricated. 

[0099] The first and second terminals 430 and 432 are formed adjacent to the elongated projections 422 by 
35 conventionally depositing a conductive layer in the surrounding area 424 between the elongated projections 422 on 
the first side 414 of the substrate 412. A photolithographic mask 442 is conventionally formed outwardly from the 
discrete posts 422 and the conductive layer. The mask 442 exposes an excess portion of the conductive layer that 
is removed to leave first terminals 430 adjacent to the first edges 436 of the elongated projections 422 and the 
second terminals 432 adjacent to the second edges 438 of the elongated projections 422. The excess portion of the 
conductive layer is removed by a conventional anisotropic etch, other suitable etch, or other suitable series of 
40 etches capable of selectively removing the exposed material of the conductive layer from the substrate 412. After 
the etch process, the mask 442 is conventionally removed from the elongated projections 422 and the first and 
second terminals 430 and 432. It will be understood that the terminals 430 and 432 may be otherwise formed. For 
example, the terminals 430 and 432 may be doped in the edges of the elongated projections 422. 

[0100] The terminals 430 and 432 are preferably a metal or other highly conductive material to minimize device 
45 resistance. The use of metal terminals 430 and 432 allows the height of the elongated projections 422 to be 
increased without unacceptably increasing resistance in the first and second terminals 430 and 432. Accordingly, 
metal terminals 430 and 432 may be preferred in applications with high elongated projections 422, high penalization 
tolerances, and the like. 

[0101] Referring to FIGURE 5D, terminal insulators 444 are formed around the exposed sides of the first and 
second terminals 430 and 432. The terminal insulators 444 insulate the terminals 430 and 432 from a later formed 
bias layer. The terminal insulators 444 comprise oxide or other suitable dielectric material. 

[0102] FIGURE 6B is a top-plan view illustrating the terminal insulators 444 formed around the first and second 
terminals 430 and 432. Referring to FIGURE 6B, the terminal insulators 444 are formed by conventionally backfilling 
the surrounding area 424 between the elongated projections 422 and terminals 430 and 432 on the first side 414 
of the substrate 412 with an insulative layer. A photolithographic mask 446 is conventionally formed outwardly from 
55 the elongated projections 422, the first and second terminals 430 and 432, and the backfill layer. The mask 446 
exposes an excess portion of the backfill layer that is conventionally removed to leave the terminal insulators 444. 
The terminal insulators 444 isolate the terminals 430 and 432 from the surrounding area 424 on the first side 414 of 
the substrate 412 while leaving a portion of the elongated projections 422 exposed to the surrounding area 424 for 
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biasing of the access channels 434. The excess portion of the backfill layer is conventionally removed by an 
anisotropic etch, other suitable etch, or other suitable series of etches capable of selectively removing exposed 
portions of the backfill layer from the underlying substrate 412. After the etch process, the mask 446 is 
conventionally removed. 

5 [0103] FIGURE 6C is a top-plan view illustrating a bias layer 448 formed in the surrounding area 424 between 
the elongated projections 422 and terminal insulators 444 on the first side 414 of the substrate 412. The bias layer 
448 comprises a conductive material capable of coupling the access channels 434 to a biasing system in order to 
reduce threshold voltage of the gate devices. For the exemplary DRAM embodiment of FIGURES 5 and 6, the bias 
layer 448 comprises a metal conventionally deposited and planarized to the height of the elongated projections 
422. 

10 [0104] Referring to FIGURE 5E, an insulative layer 450 is formed outwardly from the elongated projections 
422, the first and second terminals 430 and 432, and the terminal insulators 444. The insulative layer 450 comprises 
a dielectric material capable of insulating later formed bit line contacts. For the exemplary DRAM embodiment of 
FIGURES 5 and 6, the insulative layer comprises a conventionally deposited oxide. 

[0105] Referring to FIGURE 5F, a photolithographic mask 452 is conventionally formed outwardly from the 
75 insulative layer 450. The mask 452 is patterned to form bit line contact holes 454 in the insulative layer 450. As 
described in more detail below, bit line contacts are formed in the contact holes 454. The bit line contacts each 
connect a second terminal 432 of a gate device with a later formed bit line. 

[0106] Portions of the insulative layer 450 exposed by the mask 452 are etched through the mask 452 to form 
the bit line contact holes 454. The contact holes 454 expose the second terminals 432 adjacent the elongated 
projections 422. The etch is a conventional anisotropic etch, other suitable etch, or other suitable series of 
20 etches capable of selectively removing the exposed material of the insulative layer 450 from the second terminals 
432. After the etch process, the mask 452 is conventionally removed from the insulative layer 450. 

[0107] Referring to FIGURE 5G, a bit line layer 460 is formed outwardly from the insulative layer 450 and in 
the contact holes 454. The bit line layer 460 comprises a conductive material capable of forming bit lines. For the 
exemplary DRAM embodiment of FIGURES 5 and 6, the bit line layer 460 comprises a conventionally deposited 
25 metal. 

[0108] Referring to FIGURE 5H, a photolithographic mask 462 is conventionally formed outwardly from the bit 
line layer 460. The mask 462 is patterned to form a series of bit lines 464 from the bit line layer 460. As 
described in more detail below, the bit lines 464 each include a plurality of bit line contacts 466 coupled to the 
second terminals 432 of the gate devices. 
30 [0109] Portions of the bit line layer 460 exposed by the mask 462 are etched through the mask 462 to form the 
bit lines 464. The etch is a conventional anisotropic etch, other suitable etch, or other suitable series of etches 
capable of selectively removing the exposed material of the bit line layer 460 from the insulative layer 450. After 
the etch process, the mask 462 is conventionally removed from the bit lines 464. 

[0110] FIGURE 6D is a top-plan view illustrating the bit lines 464. Referring to FIGURE 6D, the bit lines 464 
35 extend above and to the side of the terminals 430 and 432 with the bit line contacts 466 extending over and down to 
the second terminals 432 of the gate devices. Accordingly, the first terminals 430 of the gate devices may be later 
exposed and connected to storage nodes on the first side 414 of the substrate 412. 

[0111] The bit lines 464 couple a plurality of memory cells to a sensing circuit for reading accessed 
information. The bit lines 464 may be terminated on an oxide plug at the periphery of the sub-array for easy access 
from the second side 416 of the substrate 412. 

40 

[0112] Referring to FIGURE 51, an insulative layer 470 is formed outwardly from the insulative layer 450 and 
the bit lines 464. The insulative layer 470 comprises a dielectric material capable of insulating the bit lines 464 
from later formed elements of the DRAM. For the exemplary DRAM embodiment of FIGURES 5 and 6, the 
insulative layer 470 comprises a conventionally deposited oxide. 

[0113] Referring to FIGURE 5J, a photolithographic mask 472 is conventionally formed outwardly from the 
45 insulative layer 470. The mask 472 is patterned to form storage node contact holes 474 in the insulative layer 470. 
As described in more detail below, storage node contacts are formed in the contact holes 474. The storage node 
contacts each connect a first terminal 430 of a gate device with a later formed storage node for a memory cell. 

[0114] Portions of the insulative layer 470 exposed by the mask 472 are etched through the mask 472 to form 
the storage node contact holes 474. The contact holes 474 expose the first terminals 430 of the gate devices. The 
50 etch is a conventional anisotropic etch, other suitable etch, or other suitable series of etches capable of 
selectively removing the exposed material of the insulative layer 470 from the first terminals 430. After the etch 
process, the mask 472 is conventionally removed from the insulative layer 470. 

[0115] Referring to FIGURE 5K, a contact layer 480 is formed outwardly from the insulative layer 470 and in 
the contact holes 474. The contact layer 480 comprises a conductive material capable of connecting the first 
terminal 430 of each gate device with a later formed storage node. For the exemplary DRAM embodiment of 
FIGURES 5 and 6, the contact layer 480 comprises a conventionally deposited metal. 

[0116] Referring to FIGURE 5L, a photolithographic mask 482 is conventionally formed outwardly from the 
contact layer 480. The mask 482 is patterned to form storage node contacts 484 from the contact layer 480. The 
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storage node contacts 484 each connect to a first terminal 430 and extend through an overlying contact hole 474 to 
provide an enlarged contact area 486 for a later formed storage node. 

[0117] Portions of the contact layer 480 exposed by the mask 482 are etched through the mask 482 to form the 
storage node contacts 484. The etch is a conventional anisotropic etch, other suitable etch, or other suitable 

5 series of etches capable of selectively removing the exposed material of the contact layer 480 from the insulative 
layer 470. After the etch process, the mask 482 is conventionally removed from the contacts 484. 
[0118] Referring to FIGURE 5M, a storage node layer 490 is formed outwardly from the insulative layer 470 
and the storage node contacts 484. As described in more detail below, the storage nodes are formed within the 
storage node layer 490. The storage node layer 490 comprises a dielectric material capable of insulating the later 
formed storage nodes from each other. The thickness of the storage node layer 490 is varied based on the desired 

10 height and thus the capacitance of the storage nodes. For the exemplary DRAM embodiment of FIGURES 5 and 6, 
the storage node layer 490 comprises a conventionally deposited oxide. 

[0119] Referring to FIGURE 5N, a photolithographic mask 492 is conventionally formed outwardly from the 
storage node layer 490. The mask 492 is patterned to form storage node holes 494 in the storage node layer 490. 
As described in more detail below, storage nodes for the memory cells are formed in the storage node holes 494. 
15 The storage nodes each store information for a memory cell. 

[0120] Portions of the storage node layer 490 exposed by the mask 492 are etched through the mask 492 to 
form the storage node holes 494. The storage node holes 494 expose the storage node contacts 484. The etch is a 
conventional anisotropic etch, other suitable etch, or other suitable series of etches capable of selectively 
removing the exposed material of the storage node layer 490 from the storage node contacts 484. The storage node 
20 contacts 484 preferably act as an etch stop to the deep etch of the storage node layer 490. After the etch process, 
the mask 492 is conventionally removed from the storage node layer 490. 

[0121] Referring to FIGURE 50, a storage node 500 is formed in a storage node hole 494 for each memory 
cell. For the exemplary DRAM embodiment of FIGURES 5 and 6, the storage node 500 is a stacked capacitor 
having a bottom electrode 502, a capacitor dielectric 504, and a top electrode 506. The bottom electrode 502 
comprises a doped polysilicon layer conventionally deposited in the storage node holes 494. The doped polysilicon 

25 layer is conventionally ruggedized to increase the surface area between the first and second electrodes 502 and 
506. The capacitor dielectric 504 comprises a nitride and oxide dielectric layer conventionally deposited outwardly 
from the bottom electrodes 502. The top electrode 506 is a field plate. The field plate comprises doped polysilicon 
deposited to fill the remaining portion of the storage node holes 294 and between the storage nodes 500. The plate 
material may be terminated on an oxide plug at the periphery of the sub-array for easy access from the second side 

3Q 416 of the substrate 412. 

[0122] Referring to FIGURE 5P, the first portion 510 of the sub-array, including the first and second terminals 
430 and 432, access channels 434, and storage nodes 500 for each memory cell of the sub-array, is isolated by an 
insulative layer 512. The insulative layer 512 comprises a dielectric material capable of insulating the first 
portion of the sub-array from other sub-arrays and elements of the DRAM. For the exemplary DRAM embodiment of 
FIGURES 5 and 6, the insulative layer 512 comprises a conventionally deposited oxide. 

35 

[0123] A support structure 514 is mounted to the insulative layer 512 on the first side 414 of the substrate 
412 to provide support for the substrate 412. The support structure 514 encapsulates the first portion 510 of the 
sub-array to protect the bit lines 464 and the storage nodes 500. In one embodiment, the support structure 514 
comprises a conductor to allow connections between the sub-arrays and to act as a heat sink for the first portion of 
the DRAM. 

40 [0124] Referring to FIGURE 5Q, the substrate 412 is flipped to expose the second side 416 of the substrate 
412 for processing. Because of the additional support provided by the support structure 514, an excess portion of 
the second side 416 of the substrate 412 may be removed without damaging or unacceptably weakening the 
substrate 412 or DRAM. 

[0125] Referring to FIGURE 5R, the second side 416 of the substrate 412 is planarized to expose the first and 
45 second terminals 430 and 432 adjacent the elongated projections 422 and the access channels 434 in the elongated 
projections 422. The second side 416 of the substrate 412 may be conventionally planarized by a chemical 
mechanical polish (CMP), etch back, or other suitable process. The planarization is carefully controlled to ensure 
that the excess portion of the substrate 412 is removed without removing or damaging the elongated projections 
422. 

[0126] Referring to FIGURE 5S, a gate dielectric layer 520 is formed outwardly from the first and second 
terminals 430 and 432 and access channels 434 on the second side 416 of the substrate 412. A series of gate 
structures 522 are formed outwardly from the dielectric layer 520. The gate structures 522 are each operable to 
control an underlying access channel 434 to selectively couple the first terminal 430 to the second terminal 432 to 
allow access to the storage node 500. The gate structures 522 may each be disposed over an access channel 434 
between the first and second terminals 430 and 432 or otherwise suitably disposed. For example, the gate 
55 structures 522 may be disposed over the first and second terminals 430 and 432 in addition to the access channel 
434. 

[0127] Each gate structure 522 together with the associated access channel 434 and first and second terminals 
430 and 432 form a gate device for a memory cell. For the exemplary DRAM embodiment of FIGURES 5 and 6, the 
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gate devices are MOSFET devices and the gate structures are conventionally formed word lines comprising a gate 
524 and a sidewall insulator 526. The memory cells may have a design rule as previously described in connection 
with the DRAM of FIGURES 1 and 2. 

[0128] In operation, information in the memory cells is accessed using the word lines to couple the bit lines 
5 to the storage nodes and the bit lines to relay the stored information to the sensing circuit The word lines and 
bit lines are controlled by conventional addressing logic. Additional contacts may be formed between the first and 
second portions of the sub-array and periphery circuit devices may be formed between the sub-arrays of the DRAM 
using the word line fabrication steps or other suitable processes as previously described in connection with 
FIGURES 1 and 2. 

[0129] An insulative layer 530 is formed outwardly from the gate dielectric layer 520 and the gate structures 
10 522 to complete the second portion 550 of the sub-array for the DRAM. The insulative layer 530 comprises a 
dielectric material capable of insulating and protecting the gate structures 522 from later formed elements of the 
DRAM. For the exemplary DRAM embodiment of FIGURES 5 and 6, the insulative layer 530 comprises a 
conventionally deposited oxide. Because the storage nodes 500 and the bit lines 464 are formed on the first 414, or 
backside, of the substrate 412, topology is minimized on the top side of the DRAM. In addition, the height of the 
15 storage nodes 500 may be increased without causing topological problems on the top side in the memory array. 
Storage node materials that would otherwise conflict with other components of the memory array may also be used. 
Accordingly, storage node capacitance is increased without increasing fabrication costs. In addition, taller and less 
complex storage node configurations may be used that reduce the cost and increase yield. 

[0130] Although the present invention has been described with several embodiments, various changes and 
modifications may be suggested to one skilled in the art. It is intended that the present invention encompass such 
20 changes and modifications as fall within the scope of the appended claims. 

Claims 

1. A method for fabricating a memory array, comprising: 

25 fabricating a first portion of a memory array on a first side of a substrate; 

fabricating a second portion of the memory array on a second, opposite side of the substrate; and 
coupling the first and second portions of the memory array to each other through the substrate. 

30 

2. The method of Claim 1, wherein the first portion of the memory array is coupled to the second portion of the 
memory array in that at least part of the first portion is connected to at least part of the second portion of 
the memory array. 

35 3. The method of Claim 1, wherein the first portion of the memory array is coupled to the second portion of the 
memory array in that at least part of the first portion of the memory array is operatively associated with at 
least part of the second portion of the memory array. 

4. The method of Claim 1, wherein the first portion of the memory array includes a plurality of storage nodes for 
the memory array and the second portion of the memory array includes a set of gate structures operable to 

40 control access to the storage nodes. 

5. The method of Claim 4, wherein the first portion of the memory array includes terminals and access channels 
for the gate structures. 

45 6. The method of Claim 4, wherein the first portion of the memory array includes a set of bit lines for the memory 
array. 

7. The method of Claim 4, wherein the second portion of the memory array includes a set of bit lines for the 
memory array. 

50 8. The method of Claim 1, further comprising removing an excess portion of the second side to expose at least 
part of the first portion of the memory array prior to fabricating the second portion of the memory array. 

9. A method for fabricating a memory cell, comprising: 

forming on a first side of a substrate a first terminal and a second terminal for the memory cell, the first 
55 and second terminals defining an access channel for the memory cell; 

forming on the first side of the substrate a storage node coupled to the first terminal; and 
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forming on a second, opposite side of the substrate a gate structure operable to control the access channel 
to allow access to the storage node from the second terminal. 



5 10. The method of Claim 9, further comprising forming on the first side of the substrate a bit line structure 
coupled to the second terminal. 

11. The method of Claim 9, further comprising forming on the second side of the substrate a bit line structure 
coupled to the second terminal. 

10 

12. The method of Claim 9, wherein the first and second terminals and the storage node are formed in a recessed 
area of the first side of the substrate. 

13. The method of Claim 9, wherein the gate structure is disposed over the first and second terminals and the 
access channel. 

15 

14. The method of Claim 9, wherein the gate structure is disposed over the access channel between the first and 
second terminals. 

15. The method of Claim 9, further comprising after formation of the storage node and before formation of the 
20 gate structure: 

supporting the substrate from the first side; and 

removing an excess portion of the second side of the substrate such that the gate structure formed on the 
second side is operable to control the access channel. 

25 

16. The method of Claim 15, wherein the substrate is supported from the first side by a conductive structure. 

17. The method of Claim 15, wherein removal of the excess portion of the second side of the substrate exposes at 
least part of the second terminal. 

30 

18. The method of Claim 15, wherein removal of the excess portion of the second side of the substrate comprises 
planarizing the second side of the substrate until at least part of the second terminal is exposed. 

19. The method of Claim 9, further comprising: 

35 

forming a discrete post on the first side of the substrate, the discrete post protruding from a surrounding 
area of the first side of the substrate; and 

wherein the access channel is defined in the discrete post. 

40 

20. The method of Claim 19, wherein the discrete post comprises substrate material and is formed by patterning 
and etching the substrate. 

21. The method of Claim 19, wherein the first and second terminals are formed within the discrete post 

45 22. The method of Claim 21, wherein the first terminal is formed at a first edge of the discrete post and the 
second terminal is formed at a second edge of the discrete post. 

23. The method of Claim 22, wherein the first and second edges are opposite each other on the discrete post. 

^ 24. The method of Claim 22, wherein the first and second terminals are formed by doping the first and second 
edges of the discrete post. 

25. The method of Claim 19, wherein the first and second terminals are formed adjacent to the discrete post. 

26. The method of Claim 25, wherein the first terminal is formed adjacent to a first edge of the discrete post and 
55 the second terminal is formed adjacent to a second edge of the discrete post. 

27. The method of Claim 26, wherein the first and second edges are opposite each other on the discrete post. 
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28. The method of Claim 25, wherein the first and second terminals are formed by depositing a conductive layer 
adjacent to the discrete post and removing an excess portion of the conductive layer to isolate a first remaining 
portion of the conductive layer as the first terminal and to isolate a second remaining portion of the conductive 
layer as the second terminal. 

29. The method of Claim 9, further comprising: 

forming an elongated projection on the first side of the substrate, the elongated projection protruding from 
a surrounding area of the first side of the substrate; and 

wherein the access channel is defined within the elongated projection. 



30. The method of Claim 29, wherein the elongated projection comprises substrate material and is formed by 
patterning and etching the substrate. 

15 31. The method of Claim 29, wherein the first and second terminals are formed within the elongated projection. 

32. The method of Claim 31, wherein the first terminal is formed at a first edge of the elongated projection and 
the second terminal is formed at a second, opposite edge of the elongated projection. 

33. The method of Claim 32, wherein the first and second terminals are formed by doping portions of the first and 
second edges of the elongated projection. 

34. The method of Claim 29, wherein the first and second terminals are formed adjacent to the elongated 
projection. 

25 35. The method of Claim 34, wherein the first terminal is formed adjacent to a first edge of the elongated 
projection and the second terminal is formed adjacent to a second, opposite edge of the elongated projection. 

36. The method of Claim 35, wherein the first and second terminals are formed by depositing a conductive layer 
adjacent to the elongated projection and removing an excess portion of the conductive layer to isolate a first 
remaining portion of the conductive layer as the first terminal and to isolate a second remaining portion of the 

30 conductive layer as the second terminal. 

37. The method of Claim 9, further comprising coupling a bias member to the access channel. 

38. The method of Claim 19, further comprising: 

35 

isolating the first and second terminals from the surrounding area of the first side while leaving the 
access channel exposed to the surrounding area; and 

forming a bias member for the access channel by depositing a conductor in the surrounding area of the first 
side of the substrate. 

40 

39. The method of Claim 29, further comprising: 

isolating the first and second terminals from the surrounding area of the first side while leaving the 
access channel exposed to the surrounding area; and 

45 

forming a bias member for the access channel by depositing a conductor in the surrounding area of the first 
side of the substrate. 



50 40. A method for fabricating a memory array, comprising: 

forming a plurality of discrete posts on a first side of a substrate, each discrete post protruding from a 
surrounding area of the substrate and including an access channel for a memory cell; 

forming on the first side of the substrate a first terminal and a second terminal for each memory cell, the 
55 first and second terminals coupled to the access channel; 

forming on the first side of the substrate a storage node for each memory cell, the storage node coupled to 
the first terminal for the memory cell; and 
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forming on a second, opposite side of the substrate a gate structure for each memory cell, the gate 
structure operable to control the access channel to allow access to the storage node from the second 
terminal. 

5 

41. The method of Claim 40, further comprising forming on the first side of the substrate a bit line structure for 
each memory cell, the bit line structure coupled to the second terminal. 

42. The method of Claim 40, further comprising forming on the second side of the substrate a bit line structure for 
10 each memory cell, the bit line structure coupled to the second terminal. 

43. The method of Claim 40, wherein the first and second terminals are formed within the discrete post 



15 



20 



35 



44. The method of Claim 43, wherein the first terminal is formed at a first edge of the discrete post and the 
second terminal is formed at a second, opposite edge of the discrete post. 

45. The method of Claim 44, wherein the first and second terminals are formed by doping the first and second 
edges of the discrete post 

46. The method of Claim 40, wherein the first and second terminals are formed adjacent to the discrete post 

47. The method of Claim 46, wherein the first terminal is formed adjacent to a first edge of the discrete post and 
the second terminal is formed adjacent to a second, opposite edge of the discrete post. 



48. The method of Claim 47, wherein the first and second terminals are formed by depositing a conductive layer 
adjacent to the discrete post and removing an excess portion of the conductive layer to isolate a first remaining 

25 portion of the conductive layer as the first terminal and to isolate a second remaining portion of the conductive 

layer as the second terminal. 

49. A method for fabricating a memory array, comprising: 

forming a plurality of elongated projections on a first side of a substrate, the elongated projections each 
30 protruding from a surrounding area of the substrate and including an access channel for each of a plurality 

of memory cells; 

forming on the first side of the substrate a first terminal and a second terminal for each memory cell, the 
first and second terminals coupled to the access channel in the elongated projection; 



forming on the first side of the substrate a storage node for each memory cell, the storage node coupled to 
the first terminal for the memory cell; and 



forming on a second, opposite side of the substrate a gate structure for each memory cell, the gate 
structure operable to control the access channel to allow access to the storage node from the second 
40 terminal. 

50. The method of Claim 49, further comprising forming on the first side of the substrate a bit line structure for 
each memory cell, the bit line structure coupled to the second terminal. 

45 51. The method of Claim 49, further comprising forming on the second side of the substrate a bit line structure for 
each memory cell, the bit line structure coupled to the second terminal. 

52. The method of Claim 49, wherein the first and second terminals are formed within the elongated projection. 

5 0 53. The method of Claim 52, wherein the first terminal is formed at a first edge of the elongated projection and 
the second terminal is formed at a second, opposite edge of the elongated projection. 

54. The method of Claim 53, wherein the first and second terminals are formed by doping portions of the first and 
second edges of the elongated projection. 

55 55. The method of Claim 49, wherein the first and second terminals are formed adjacent to the elongated 
projection. 

56. The method of Claim 55, wherein the first terminal is formed adjacent to a first edge of the elongated 
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projection and the second terminal is formed adjacent to a second, opposite edge of the elongated projection. 



57. The method of Claim 56, wherein the first and second terminals are formed by depositing a conductive layer 
adjacent to the elongated projection and removing an excess portion of the conductive layer to isolate a first 
remaining portion of the conductive layer as the first terminal and to isolate a second remaining portion of the 
conductive layer as the second terminal. 
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Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



